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particularly it relates to such processc!* an^x 

15 apparatus wherein the reaction is carried out 
in an elongated reactor maintained under tem- 
perature control by indirect heat exchange 
between ^e gaseous reaction mixture and a 
heat-transfer fluid flowing externally of the 

20 reactor. 

Many processes for the cataljrtic vapour 
phase partial oxidation of ozganic materials 
are known and many of these are carried out 
in elongated tubular reactors arranged in a 

25 tube and shell heat exchanger system so that 
the heat of reaction may be removed. In 
many of these, the oxidation reaction produces 
a relatively localized very higjh temperature 
zone from which heat must be removed at a 

30 very rapid rate if temperature control is to 
be maintained. This very high temperature 
zone is caused by the fact that much of the 
desired oxidation reaction takes place at a 
very rapid rate in or over a very short por- 

35 tion of the reactor tube length. Failure to 
control reaction temperature in this high 
temperature zone leads to loss through com- 
plete duration of the organic material by over- 
oxidation. Accordingly, it is necessary to cir- 

40 culate CDolant very rapidly and at a suitably 
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"hot-spot" zone of the reactor and the re- 55 
remainder of the reactor can, of course, be 
solved by separating these zones and using a 
multi-reactor system-, thus providing each 
reactor seaion with coolant at that tempera- 
ture and in such amount as is best suited to it. 60 
While theoretically, this is an ideal systemi, 
pracdcally, it is uneconomic; the increase in 
product yield obtained does not justify the 
very large expenditures required to provide 
and operate a muldplidty of reactors and 65 
coolant circulation systems. The art requires 
some zesolution of the described difficulties 
within the framework of the commercially 
useful single reactor system dictated by chemi- 
cal process economics. 70 

According to the invention a process for 
the catalytic vapour phase oxidation of an- 
organic compound in an elongated reactor 
surrounded by a heat-transfer zone through 
which a heat-transfer fluid flows from an in- 75 
let at one end to an outlet at the other end, 
includes the improvement which comprises 
controlling the temperature as required at 
different points along the reactor by adding 
heat-transfer fluid to the heat-tran^er zone 80 
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Process and Apparatus for 
of Organic 

We^ Halcon International Inc., 2, Park 
Avenue, New Yoric 16, New York, United 
States of America, a corporation organized 
and existing imder the laws of the State of 
5 Delaware, United States of America, do here- 
by declare the invention for which we pray 
that a pat^t may be granted to us and the 
method by which at is to be performed, to 
be particularly described in and by the follow- 
10 ing statement: — 

THIS INVENTION relates to processes 
and apparatus for the catalytic vapour phase 
pardal oxidation of organic compounds. More 
particularly it relates to such processes and 

15 apparatus wherein the reaction is carried out 
in an elongated reactor maintained under tem- 
perature control by indirect heat exchange 
between the gaseous reaction mixture and a 
heat-transfer fluid flowing externally of the 

20 reactor. 

Many processes for the catalytic vapour 
phase partial oxidation of organic materials 
are known and many of these are carried out 
in elongated tubular reactors arranged in a 

25 tube and shell heat exchanger system so that 
the heat of reaction may be removed. In 
many of these, the oxidation reacdon produces 
a relatively localized very high temperature 
zone from which heat must be removed at a 

30 very rapid rate if ten^rature control is to 
be maintained. This very high temperature 
zone is caused by the fact that much of the 
desired oxidation reaction takes place at a 
very rapid rate in or over a very short por- 

3> tion of the reactor tube length. Failtu-e to 
control reaction temperature in this high 
temperatin-e zone leads to loss through com- 
plete duration of the organic material by over- 
oxidation. Acccx-dingly, it is necessary to cir- 

40 culate coolant very rapidly and at a suitably 



the Vapour Phase Oxidation 
Compounds 

low relative temperature to remove the heat 
through the limited tube surface area avail- 
able in the zone of rapid reaction. In con- 
sequence, the greater length of reaction tube 
which follows the above described "hot-spot** 
zone is cooled excessively. The relatively slow 
oxidation reaction which continues as the 
reactants move through the tube cannot 
supply heat sufficiently rapidly to maintain, in 
the remainder of the reactor, as high a tem- 
perature as is desirable efficiently to com- 
plete the partial oxidation. As a result, yields 
suffer. The problems posed by the somewhat 
contradictory coolant requirements of tiie 
"hot-spot" zone of the reactor and the re- 
remainder of the reaaor can, of course, be 
solved by separating these zones and using a 
multi-reactor system-, thus providing each 
reactor section with coolant at that tempera- 
ture and in such amount as is best suited to it. 
While theoretically, this is an ideal systems, 
practically, it is uneconomic; the increase in 
product yield obtained does not justify the 
very large expenditures required to provide 
and operate a multiplicity of reactors and 
coclant circulation systems. The art requires 
some resolution of the described difficulties 
within the framework of the commeicially 
useful single reactor system dictated by chemi- 
cal process economics. 

According to the invention a process for 
the catalytic vapour phase oxidation of an 
organic compoimd in an elongated reactor 
surrounded by a heat-transfer zone through 
which a heat-transfer fluid flows from an in- 
let at one end to an outlet at the other end, 
includes the improvement which comprises 
controlling the temperature as required at 
different points along the reaaor by adding 
heat-transfer fluid to the heat-transfer zone 
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and/or removing^ heat-transfer fluid from the 
heat-transfer zone at one or more intermedi- 
ate points along the zone. 

In this way the temperature of various 

5 parts of the reactor along its length may be 
controlled independently of variations in heat 
flow produced by the reaction as it occurs 
along the length of the reactor, for example 
by increasing the amount of coolant heat- 

10 transfer fluid where more heat is evolved by 
the reaction and decreasing the amount where 
less heat is evolved. Thus in one procedure 
according to the invention substantially all 
of the heat transfer fluid is fed into the heat- 

15 transfer zone at the inlet v/hereas it is re- 
moved from the zone at the outlet and one 
cr more intermediate points. 

The process of the invention may be applied 
with advantage to oxidations in which a hot 

20 spot is formed and in sudi case the reaction 
zone xnay be maintained at a gradually de- 
creasing temperature gradient beyond the hot 
spot in the direction of flow of the reaction 
mixture, an improved conversion being ob- 

25 tained in this manner. The temperature gradi- 
ent may be step-wise. 

Substantially all of the heat-transfer fluid 
may be intnxiucied adjacent the hot spot and 
allowed to flow past the hot spoi^ parr of the 

30 fluid being removed adjacent to the hot spot 
on the other side and the remainder at one 
or more points relatively remote from flie hot 

SpOL 

The process of the invention may be applied 
35 to the partial oxidation of a phthalic anhy- 
dride precursor to produce phthalic anhy- 
dride. Thus it may be apphed to the oxida- 
tion of naphthalene with atmospheric air at 
a series of temperatures in the range of 350° 
40 to 550° C. or to the oxidation of o-xylene 
with atmospheric air at a series of tempera- 
tures in the range of 425** to 650*^ C. 

In the process of the invention the tem- 
perature of heat transfer fluid added to the 
45 reactor at various intermediate points, may 
be changed from that of die bulk of the heat 
transfer fluid 'by means external to the reac- 
tor, before the fluid is added to the reactor. 
The invenrion includes a process for the 
50 catalytic partial oxidation of an organic 
vapour in an elongated reactor in which pro- 
cess the volume of the circulating coolant, 
required to remove exothermic reaction heat, 
is changed at various intermediate points along 
55 the length of tiie reactor, said changes being 
effected to ensure maximum cooling in the 
zone of most rapid hear evolution and reduced 
cooling in zones cf reduced heat release, in 
order to maintain and control temperatures 
60 through the length of the reactor. 

The process of the invention may be car- 
ried out using 

(i) a down-flowing reactant and a down- 
flowing coolant; 



(ii) a down-flowing reactant and an up- 65 
flowing coolant; 

(iii) an up-flowing reactant and an up- 
flowing coolant; 

(iv) an up-flowing reactant and a down- 
flowing coolant; 70 

The invention also includes ap^ratus for 
use in the catalytic, vapour phase partial 
oxidation of an organic compound, compris- 
ing an elongated reactor and a jacket forming 
an enclosed zone surrounding the reactor and 75 
adapted to pernriit the flow of a heat-transfer 
fluid in indirect thermal contact with the 
reactor from an inlet at one end of the zone 
to an outlet at the opposite end, the zone be- 
ing provided with one or more bafRes dividing 80 
it into communicating compartments spaced 
along the length of the reactor and having 
at least one additional inlet and/or oudet 
at an intemiediate point along the zone for 
the addition and/or removal of heat-transfer 85 
fluid to and/or from the zone. 

Preferably, each compartnoent of the zone 
has either an inlet or an outlet for heat- 
transfer fluid into or out of the zone. The 
apparatus may be in cylindrical tube and 90 
shell form wherein the region between the 
tubes and the Fhell is divided into a plurality 
of cylindrical sections. 

The accompanjang drawing illustrates one 
embodiment of the invenrion, partially in clc- 95 
vation and partially in section. 

The invention is illustrated by the follow- 
ing examples, in which parts and percents 
means pans and percents by weight, respec- 
xxvcljs unless otherwise indicated. 100 

Example 1 
Referring to the accompanying drawing, a 
feed mixture of air and naphthalene is passed 
via inlet 10 into reaction apparatus 11. TTiis 
apparatus is provided with a header 13, ncac- 105 
tor tubes 15 loaded with catalyst 16, outlet 
header 17 and reaction product ouriet 18. In 
addition, the apparatus is provided with a 
series of baflles 35a, 35b, and 35c, at right 
angles relative to the tubes v/hich divide the 110 
region between the outer shell or wall 36 
and the tubes into a series of sections, 40, 
41, 42 and 43. Each of the seaions is pro- 
vided with one or more coolant inlet or 
cutiet means 20, 22, 24 and 26, 28, 30, 32 115 
and 34 provided with valves 19, 21, 23 and 
25, 27, 29, 31 and 33 respectively. Each 
reactor tube is provided with a suitable known 
cataly^ loaded in usual manner, and the 
tubes may be provided v/ith known tern- 120 
perature sensors (thermocouples) arranged 
therealcng or therein in known manner (not 
shown). 

The flow of coolant which, in this case, is 
molten salt is regulated so as to control tem- 125 
perature in the "hot-spot" zone and, at the 
?ame time to maintain as high a temperature 
in the remainder of the reactor tube as is 
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desirable. The feed to each reactor tube con- 
tains one part by weight of naphthalene to 
about thirty parts by weight of air; it is pre- 
heated to about ISO"" to 350° Le., to just 
5 below reaaion temperature, in known man- 
ner. Under these circumstances, a hot-spot 
develops at about the junction between sec- 
tion 40 and section 41. The minimum coolant 
temperature permissible is about 250° to 350° 

10 again, a"bout the nnnimum reaction ten*- 
pezature. A coolant any colder than this tem- 
perature will cool incoming gases below reac- 
tion temperature and no reaction will occur. 
Thus, in order to control the hot-spot or 

15 "hot-zone" temperaturcj coolant at this mini- 
mum temperature is introduced through line 
28 and valve 27. If the hot-zone temperature 
is to be adequately controlled, the amount of 
coolant introduced must be such that its tem- 

20 perature rise, as it passes through the hot 
zcme, is not more than a few degrees. All of 
the coolant is introduced through line 28 and 
valve 27 because the fluid, at initiating reac- 
tion temperature, is an economical means for 

25 bringing the reaction gas to that temperature. 
Under these conditions, the hot-spot zone 
can be maintained in the range of about 
550'' to 600° C. without undue difficulty. 
Valve 19 is kept closed. However, valve 29 is 

30 opened to such an extent that approximately 
90 to 95% of the molten salt entering through 
line 28 is discharged fromi the reactor through 
line 30. By discharging most of the coolant 
in this fashion it is possible to hold reaction 

35 temperature in zone 42 appreciably above the 
temperature of the coolant entering that sec- 
tion past baffle 35b. The remainder of tihe 
coolant is finally discharged through valve 
33 and line 34. The reaction mixture is 

40 processed after leaving the reactor tubes, in 
known manner to recover phthalic anhydride. 
There is thus obtained a very high yield of 
phthalic anhydride of exceptional piurity. 
The feed may contain 1 part by weight of 

45 naphthalene to about 30 parts by weight 
of air, and is may be preheated to 
about 250° to 350°C., i.e., to just 
below reaaion temperature in known 
manner. The catalyst bed is raised to inirial 

50 reaction temperature in known manner and 
then after the zone of initial high tem«pera- 
ture is passed, maintained at a gradually de- 
creasing reaction temperature down to about 
350°C. at or near the reactor outlet. The 

55 reaction is exothermic and die flow conditions 
are maintained so that the most rapid reaction 
is in the inirial part or section of ilie reactor 
tubes, and the more rapid flow of coolant is 
maintained around this section of the reactor 

60 tubes. 

Generally a plurality of reacdon tubes is 
used, and a known vanadium oxide type cata- 
lyst provided vdch a suitable support may be 
used. Although four reaction zones or sections 
65 are shown, arranged for an optional zig-zag 



flow, a larger or a smaller number may be 
used if desired as may different flow paths. 
A plurality of inlet or outlets or coolant lines 
for each zone may be used and these may be 
spaced in any convenient manner. In addition, 70 
vertical or other baffle means may be used 
more evenly to distribute the flow of coolant 
through or across each section or zone. 

If desired, the horizontal baffles which 
separate the zones may be provided with per- 75 
forations for upward or downward flow of 
coolant from one zone to the other in order to 
help sntooth out the temperature gradient. 

A loose fit between the tubes and the hori- 
zontal baffles permits such downward or up- 80 
ward flow, also with suitable regulation of the 
inlet and outlet valves. 

Instead of naphthalene, other known 
phthalic anhydride precursors may be used, 
such as substituted naphthalene and the hke, B5 
and similar results are obtained therewith. 

Comparative Example A 
The above ^ample is repeated except 
that the coolant is caused to flow througji the 
reactor in the fashion now used by the art 90 
when employing single reactors wiili co-cur- 
rent flow of the circulating heat abstracting 
medium. This is accomplished by introducing 
all of the coolant, as in Example 1, in the 
same amount and at the same temperature, 95 
through valve 27 and line 28. However, in 
this case, valves 19, 21, 23, 25, 29 and 21 
are kept tightly closed and no coolant leaves 
the reactor at intermediate points. Instead the 
entire flow is discharged through valve 33 and 100 
line 34. As a result, the reaction temperature 
drops sliarply immediately the hot zone at the 
junction of sections 40 and 41 is past, and 
only that very limited amount of oxidation 
v/hich could take place at about the relatively 105 
low terrtperature of the coolant continues out- 
ride the hot zone. 

Tlie yield of crude phthalic anhydride re- 
covered is not only lower than in the case 
described in Example 1, but, in addition the 110 
anhydride is less pure. It is contaminated with 
large amounts of dark tairy substances and 
other impurities compared to the material re- 
covered in Example 1 and is in consequence, 
much more diificult to refine. These tarry 115 
substances and other impurities are present in 
and contaminate the product because the 
lower temperature obtaining in the reactor 
tubes in the reactor operated in accordance 
with current art practice prevents conversion 120 
of these materials to useful products or their 
removal by complete oxidation. 

Example 2 
The Example 1 procedure is repeated ex- 
cept that the feed is benzene with air and the 125 
reaction s57Stem is arranged in known manner 
for the produaion of maleic anhydride and 
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analogous improvements in the yield and 
quality are obtained. 

£xampi:e 3 
The procedure of Example 1 is repeated 
5 except that o-xylene is converted to phthalic 
anhydride at terc.peratures in the range of 
425° to 650° Q, the analogous improvements 
in the yield and quality are obtained. 

Example 4 

10 The process of Example 1 is repeated with 
two essential modifications; the oxidizable 
organic material employed is durene (lil^^yS- 
tetramethylbenzenej rather than naphthalene 
and the coolant flow is further modified. As 
15 already described, the volume of coolant 
entering the reactor through the valve 27 is 
regulated to maintain the hot-zone at the 
desired maximum temperature (550 to 600^ 
C); the temperature at which it is intro- 
20 duced into the reactor is as previously ex- 
plained, determined by the minimum tem- 
perature required * to initiate oxidation (200 
to SOO^'C). Again, as earlier described, 90 
to 95 percent of die coolant is discharge 
25 through valve 29 and line 30. In this case, 
however, it is found desirable to divert an 
additional amount of coolant through valve 
25 and line 26 in order to maintain even 
higher temperatures in section 43 than would 
30 otherwise be obtained. To accomplish this 
purpose valve 25 is opened sufficiently so 
diat an amount of coolant roughly equivalent 
to about 90 percent of that flowing through 
reactor section 42 is discharged. Accordingly, 
35 only about one half to one percent of the 
coolant flew originally introduced into the 
reactor through line 28 is finally discharged 
through valve 33 and h'ne 34. When the 
coolant flow is such as here described, the 
40 yield of pyromellitic anhydride obtained is 
appreciably higher than when the path of the 
coolant is that described in Example 1. 

In all cases, of course, the coolant may be 
processed in known manner to recover heat 
4y therefrom and may subsequently be recycled. 
The invention has been described for reac- 
tors in which the flow of reactants is in ..a 
downward direction and in which the coolant 
flows in the same direction or concurrently. 
50 An equivalent modification of a counter-cur- 
rent coolant flow as the latter is now employed 
is possible. Thus, with the reactant flow as 
earlier described, counter-current coolant 
flow would require that the coolant, in the 
55 reactor described, be introduced through valve 
33 and line 34. To obtain the advantage pre- 
viously described, the amoimt of coolant so 
introduced need be only a minor proportion 
of the amount ultimately needed to maintain 
60 temperature control in the hot-spot zone 
higher in the reactor. Li order to aid in main- 
taining temperature, additional amounts of 
coolant may either be added or removed 



through valves 25, 23 and 31. In any event, 
and assimiing, that in this case, too, the hot 65 
spot zone lies in sections 41 and 40, the 
amount of coolant required to control hot- 
spot temperatures is finally added through 
valves 29 and, if desired, 21. All coolant, is, 
of course, discharged through valves 27 and 70 
19. 

Reactors of the type described are some- 
times operated so that the reacting gases flow 
upwardly through the reactor. In such cases, 
too, coolant flow is preferred by some to be 75 
co-current and by others to be counter-cur- 
rent to the direction of the gas flow. In 
either case, the methods to be employed to 
obtain maximiun cooling through the hot 
spot zone (which in a reactor in which the 80 
reactants flow upwardly will be in the lower 
half of the reactor) and reduced but con- 
trolled amounts of cooling in the remainder 
of the reactor will, mutatis mutandis, be 
readily evident to those skilled in the art 85 
from descriptions ahready detailed herein. 

It is also possible, as may already be evi- 
dent from what has been said, to alter the 
temperature of the relatively small volumes 
of temperature control fluid being added to 90 
the reactor at the various intermediate points 
by causing the fluid to pass through appro- 
priately sized heat exchange units before pass- 
ing into the reactor. The relatively small 
volume of fluid which requires heating or 95 
cooling makes such a possibility economic- 
ally feasible. Thus, for example, in order 
to reduce the volume of coolant which must 
be circulated when the temperature thereof 
is no lower than the minimum initiation tern- 100 
perature of the oxidizing gas mixture, in the 
situation as described in Example 1, it is only 
necessary to add molten salt throu^ valve 
21 and line 22 which is at a temperature be- 
low the coolant added through line 28. Since 105 
the oxidation has already been well started 
by the time the gas passes through section 
40 of the reactor and is proceeding exother- 
mically with the evolution of large amounts 
of heat, it need no longer be feared that die 110 
addition of Qoolant through line 22 which is 
below the minimum initiation temperature 
of the reaction will prevent the oxidation 
from starting. The total flow of coolant re- 
quired will, when this alternative is em- 115 
ployed, be dependent on the temperature of 
the fluid added at line 22, but in any event, 
the sum. of the amount added through lines 
28 and 22 will be less than if all of the coolant 
had been added through line 28, provided only 120 
that the coolant added through line 22 is be- 
low the temperature of the minimum permis- 
sible through line 28, Similarly, if higher tem- 
peratures than can conveniently be maintained 
simply by reducing the flow of coolant are 125 
desired in the lower sections of the reactor, 
small amounts of the heat-transfer fluid 
heated in any suitable and known manner 
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by means external to the reactor can be added 
at any of the intermediate points provided. 

All of these highly flexible alternatives for 
controlling temperatures at various points in 
5 the reactor are possible wiiiiout any mocKfica- 
tions of the usual single stage reactor norm- 
ally employed 'beyond that required by the 
addition of inlet-outlet pons and suitable 
valves at various points. Moreover, in general, 
10 little modification of heat transfer fluid cir- 
culation loops normally provided is neces- 
sary. However, as already indicated, the addi- 
tion of relatively small exchangers for fur- 
ther altering the temperature of small amounts 
15 of the circulating fluid introduced at various 
ix>ints in the reactor may further increase the 
precision of control thus made available by 
this invention. 

The means here described for increasing 
20 the precision and range of temperature con- 
trol in simple single stage reactors used for 
carrying out exothermic reactions requiring 
that large amounts of heat be removed are, 
of course, independent of the absolute tern- 
25 peratures at which the reactors are used in 
given cases or, of the various ranges of tem- 
peratures needed in any given case. The modi- 
fications and (grating methods disclosed will 
serve equally well for all kinds of reactions 
30 of the type recited. Moreover, it will be 
evident to those ^lled in the art that with 
simple changes, immediately evident now that 
the broad methods for temperature contiDl 
here disclosed have been described, the same 
35 reactor modifications and processing mediods 
will be applicable to endothermic reactions 
which require the addition of heat as the 
reaction proceeds. 

This invention provides means for altering 
40 the hitherto fixed relationship between the 
amount (and temperature) of coolant in 
various zones of a single reactor so that dif- 
fering requirements for coolant in the various 
zones can be satisfied. 

45 WHAT WE CLAIM IS: — 

1. In a process for the catalytic vapour 
phase partial oxidarion of an organic com- 
pound in an elongated reactor surrounded by 
a heat-tiansfer zone through which a heat- 

50 transfer fluid flows from an inlet at one end 
to an outlet at the other end, the improve- 
ment which comprises controlling the tem- 
perature as required at different points along 
the reactor by adding heat-transfer fluid to 

55 the heat-transfer zone and/or removing heat- 
iranfer fluid from the heat-transfer zone at 
one or more intermediate points along the 
zone. 

2. A process as claimed in claim 1 in 
oO which the heat-transfer fluid is fed into the 

heat-transfer zone only at the inlet and is 
removed therefrom at the outlet and one or 
more intermediate -points spaced along the 
zone. 



3. A process according to claim 1 in which 65 
a *hct spot' zone exists in the reactor and 

in which the reaction zone is maintained at 
a gradually decreasing temperature gradient 
beyond the hot spot zone in the direction of 
flow of the reaction mixture^ whereby im- 70 
proved conversion is obtained. 

4. A process according to claim 3 wherein 
the temperature gradient is step-wise. 

5. A process as claimed in claim 3 or 4 

in ^ which substantially all the heat-transfer 75 
fluid is introduced to the hot spot of the 
reactor and flows past the hot spot, a part 
of the heat-transfer fluid is removed adjacent 
to the hot spot and the remainder of the 
heat-transfer fluid is removed when relatively 80 
remote from the hot spot. 

6. A process according to any of the pre- 
ceding claims wherein the organic starting 
material is a phthalic anhydride preonrsor. 

7. A process according to claim 6 wherein 85 
naphthalene is oxidized by atmospheric air 

at a series of temperatures in the lanse of 
350^ to 550**C. 

8. A process according to claim 6 wherein 
o-xylene is oxidized by atmospheric air at 90 
a series of temperatures in the range of 425' 

to 650^C. 

9. A process according to any of the pre- 
ceding claims in whidi heat transfer fluid is 
added to and removed from the reactor at 95 
various intermediate points and in which the 
temperature of the fluid so added is changed 
from that of the bulk of the heat-transfer 
fluid by means external to the reactor^ before 

the fluid is added to the reactor. 100 

10. A process according to claim 1 in 
which the volume of the circulating coolant, 
required to remove exothermic reaction heat, 
is changed at various intennediate points 
along the length of the reactor to ensure 105 
maximmn cooling in the zone of die most 
rapid heat evolution and reduced cooling in 
zoiies of reduced heat release, in order to 
maintain and control reaction temperatures 
through the length of the reactor. 110 

11. A process according to any of the 
preceding claims using a down-flowing reac- 
tant and a down-flowing coolant. 

12. A process according to any of claims 

1 to 10 using a down-flowing reactant and 115 
an up-flowing coolant. 

13. A process according to any of claims 
1 to 10 using an up-flowing reactant and an 
up-flowing coolant. 

14. A proceess according to any of claims 120 
1 to 10 using an up-flowing reactant and a 
down-flowing coolant* 

15. A process for the catalytic partial oxi- 
dation of an organic compound in the vapour 
phase substantially as herein described and 125 
exemplified. 

16. An oxygen-containing organic pro- 
duct when produced by the process of any 
of the preceding claims. 
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17. Apparatus for use in the catalytic 
vapour phase oxidation of an organic com- 
pound, comprising an elongated reactor and 
a jacket forming an enclosed zone surround- 

5 ing the reactor and adapted to permit the 
flow of a heat-transfer fluid in indirect ther- 
mal contact with the reactor from an inlet 
at one end of the zone to an outlet at the 
opposite end, the zone being provided with 

10 one or more bafiies dividing it into communi- 
cating compartments spaced along the length 
of the reactor and having at least one addi- 
tional inlet and/or outlet at an intermediate 
point along the zone for the addition and/or 

15 removal of heat-transfer fluid to and/or fiom 
the zone. 

18. Apparatus as claimed in claim 17 in 
which each compartment has an inlet or an 
outlet for passage of heat-transfer fluid into 

20 or out of file zone. 



19. Apparatus according to claim 17 or 
18 comprising a plurality of parallel elon- 
gated reaction tubes spaced apart and a conv- 
mon jacket forming an enclosed cylindrical 
zone surrounding ^e tubes and having its 25 
axis paiallel to The axes of the reaaion 
tubas, the zone being divided by one or more 
baffles perpendicular to the axis of the tubes 
into communicating cylindrical compartments. 

20. An apparatus for use in the catalytic 30 
vapour phase oxidation of an organic com- 
pound substantially as hereinbefore described 
with reference to the accompanying drawing. 



MATHYS & SQUIRE, 
Chartered Patent Agents;, 
10, Fleet Street, 
London, E.C4, 
Agents for the Applicants. 



Leamington Spa: Printed for Her Majesty's Stationery Office by the Courier Press. — 1967. 

Published at The Patent Office, 25, Southaarspton Buildings. London. W.C.2, from which copies may be obtained. 



1088009 COMPLETE SPECIFICATION 

1 CHPPT '^''o^'^i '» o reproducUon of 

ancci Original en a reduced scale 



AIRPLUS 
NAPHTHALiNE 



COOLANT- 



22^ 



23 
2S 




COOLANT 



REACTIOU MiyiTURE 
TO PHTHAUC 
ANHYDRIDE RECOVERY 



BNSDOCIO: <GB 108800aA_l_> 



